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DOUGLAS ATRCRAFT, INC,, DOUGLAS DC-7B, N B2L0H, AND U. S. A. F.,
NORTHROP F-8Q], 52-1870A, NFEAR SUNLAND, CALIFORNIA,
JANUARY 31, 1957

The A ent

At spproximately 1118,%/ Jaruary 31, 1957, a Douglas owned and operated
DC-7B, N 821(H, and & U,5.A.F. owned and Northrcp operated F-8%J, 53-1€708,
collided at 25,000 feo over the San Gabrisl Mountains about threa miles
northwest of Sunland, California, The DC-7 crashed on the playground of the
Paocima Junior High School, Pacoima, Califormia, killing three students and
injuring 70 cthers. The four crew members, sole cccupants of the aircraft,
wers killed, The F-89 orashed in the Verdugo Mountains somutheast cof the
collision position, killing the pilot. The radar operater of tha F-89, though
severely burned, perachuted to safety., Both aiveraft were destroyed.

History of the Flights

The DC-7B., On January 11, at 1@5, N 82L0H took off from runwey 3 of the
Santa Honica, California, Adrport. The aircreft wes a new DC-7B being flomn
for the firat time for the purpose of functionally checidng the alrcraft and
its components in flight following production, The flight orew were Douglas
Adreoraft employees consisting of Pilot William (. Carr; Copilot Archie R.
Twitchell; Flight Engineer Waldo B. Adams; and Radio Operator Roy Nakazews.

The aircraft hsd been subject to many regular inepsctions during its
mamfacture and numerons inspections which were required after production
preceding the first flight. Accordingly, it wae presumed the DC-7B was in
airworthy condition.

Preparations for the flight by its crew were routine. Departura was on &
locel VFR flight plan filed with the operatioms office of the company. The
plan showed six hours of fuel sboard and that ths flight duretion was estimated
a8 2 hours 15 mimtes. It also showed the gross takeoff weight of N 82L0H was
88,000 pounds, well under the maximum allowable., The load was properly distri-
tuted with respect to center of gravity limitations.

A1l times herein are Pacific standard and bhased on the 24~-hour clook.
Altitudes herein are mean sea leval (m. s, 1.).
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Aecording to routine procedure the flight switched to the Douzglas
company radio frequency after takeoff and made periodic progress reports.
At 1030 the crew reported over the Catalina intersection, 9,000 feet, rou-
tine, and thereafter, at 1106, over Ontario, 25,000 feet, routine.

The F~8QJ. At 1050 that morning, the Northrop operated F-83J, 52-18704,
took off from runway 25 of the Palmdale, California, Airport, accompanied by
another F-89J, 53-2516A. The flight of 52-1870A was one of a series of func-
tional flight checks following the completion of IRAN (inspection and repair
as necesgsary), an overhavl project performed under contract by Northrop Air-
eraft for the United States Air Force. The specific flight was in accordance
with provisions of the contract and its purpose was to check the radar fire
control systems of both of the all-weather interceptors. The two-member
flight crew of 52-18704 consisted of Pilot Roland E. Omen and Radar Operator
Curtliss A. Adams, both employees of Northrop.

Preparations for the coperation were routine and departure was in accord-
ance with a local VFR flight plan filed with the flight department of the
company. The plan indicated the estimated duration of the operation as one
honr with sufficient fuel aboard for approximately 1 hour and 45 mimites,
congidering afterburner time, altitude, and power settings for the mission.

The F-29's took off individually, using afterburners, with a separatiom
interval of 20 seconds. In a wide starboard orbit the pilots utilized radax
in a "snake climb® to 25,000 feet. At that altitude, a predetermined secissor-
ing flight pattern was utilized which positioned the F-89's, withont ground
radar control, for similated all-weather interceptor attacks on each other,
during which the operation of airborne radar equipment could be checked., Radic
transmissions, on company frequency, were recorded by ground facilities, These
were routine commands between the pilots as they executed the radar check pat-
tern and intercepts.

At 1118 activity in the Douglas radio room was interrupted by an emergency
transmission from N 82LCH, The voices were recognized by radio perscnnel fami-
liar with the crew members. Pilot Carr first transmitted, Mincontrcllable,®
Copdlot Twitchell then said, "We're a midair collision — midair collision,

10 How (aircraft identification using phonetic How for H) we are going in -
uncentrallable — uncontrollable - we are ., . . we've had it boy - poor jet too -
tald you we should take cmtes - say goodbye to everybody." Radio Operator
Nakazawa's voice was recognized and he concluded the tragic message with, "We
are spinning in the velley." This final transmission from the flight is pre-
sented because it contained important information relative to the accident inves
tigation. It not only establishes the midair collision but also indicates the
DC-7 was rendered uncontrallable. It further indicates that Mr, Twitchell at
least recognized the aircraft with which they collided as a Jet. Further, the
DC-7 spun ¢uring its descent to the ground. ?

+ VWeather conditioms in the a.;'ea at the time of the accident were reported
by the Weather Buresu as clear, visibility 50 miles, Winds aloft at ZSI:SOD
were aprroximetely 30 kmots from 320 degrees.



Investigation

A committee, headed by Board investigators, was designated to obtain all
pertinent information available from eyewitnesses to the collision., Among
others, the most important objectives of the group were to obtain the place
and altitude of the collision, the headings and movements of the aircraft prior
to collision, the portimms of the aircraft involved in the inflight impact, and
the manner in which the aircraft descended to the ground, Pursuant to these
objectives it was learmed that more than 140 persons had seen some phase of the
accident, most, however, only that portion which followed the impact. About 115
of the known witnesses were personally interviewed and 106 formal statements
were obtained from the total. From the interviews and statements several repro-
gentative witnesses were selected to testify concerming their observations at
the Board's mblic hearing. The selections were made considering the aeronantical
experience and background of the persons, the positions from which their obser-
vations were made, and how much of the accident they saw. Only a few saw the im-
portant phase prior to impact. All stated that clear weather conditions prewmiled.

0f the witnesses who saw the aircraft before inflight impact a few were
oriented or, by the nature of thelr work, were fully cognizant of directions.
The preponderance of these witnesses stated that the DC-7 was on a heading of
nearly due west and the F-89 was on & heading of nearly due east & few seconds
before impact. They stated that the DC-7 peamed to be flying in a straight and
level attitude. The F-8% was alsc described by most as flying straight and lewel;
however, a few thought it was turning left. None described any movements indi-
cating either aircraft made evasive manemvers to avoid the collision. They, how—
ever, stated that because of the altitudes, variously estimated above 20,000 feet,
it would have been difficult, if not impossible, to see any such movements. Nei-
ther aircraft was making & contrail which would have marked its flight path.

Nearly all witnessés stated a smoke cloud appesred in evidence of the
inflight impact and this was followed by a sound, resembling a clap of thunder.
These were the factors directing the attention of most witnesses to the accident.

Eyewitnesses sald that the DC-7 contimued on a westerly heading for a short
interval, then rolled te lts left. As this occurred a plan view was afforded
and peveral people noted that a portiom of the left wing was sheared off. They
also saw a shower of metal pieces near the smcke cloud reflecting the sun, The
rall contimued and the DC-7 entered an increasingly steep descent. Several wit-
nesses thought that the plane turned about its longitudinal axs during the de-
scent and said that metal pleces contimusd to break off in the area of thes wing
fracture. Numerous persons stated there was no fire but that white-gray smoke
trailed from the wing fracture. Witnesses close to the crash site noted a gen-
eral breakup of the aircraft before it struck the ground. '

Witnesses stated that the F-89 emerged from the smoke cloud on an easterly
heading. It burst into flames which enveloped the aircraft from its midsection
rearward. While most witnesses said the aircraft did not spin a few thought
that it did. Most stated that the visihle portion of the F-89 secemed intact,
in that the wings and tip btank-rocket pods were in place. The fall of the F-g89
was described as a consistently steep trajectory. Although the preponderance
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of witnesses who saw the F-89 before collision said it was headed easterly,
many who saw it fall stated the trajectory was southeast. It was estimated
that Mr. C, A. Adams, the radar operator, ejected from the aircraft zbout hal f-
way down the descending arc of the jet.

The pilot of the F-89 that accompanied 52-187(4 stated that the radar
check flight had been entirely routine until the a2ccident occurred. He stated
that he and Mr. Owen had completed saverzl simlated intercepts and that just
before the accident each aircraft was being positioned for another. He stated
that Mr, Owen's aircraft was to attack and his was to be the target. At this
time, according to the patterm, the interceptors were 15-20 miles apart with
Owen's aircraft on a heading of 135 degrees and his own on a heading of 45 de-—
grees. He explained that according to the procedure Mr. Owen would next issue
a radio command at witich time both pilots would execute standard bank 90-degree
turns. In the case of Mr, Owen a left turn to a heading of 45 degrees, and in
his own case a right turn %o a heading of 135 degrees. In this manner, st the
completion of the turns, the aircraft would be positioned so that Mr. owen
could proceed 90 degrees to the flight path of the target aircraft, comonly
called the Mattack vector." As the flights converged the radar operator of
Mr., Oren's aircraft would locate the target plane on his radar scope and direct
his pilot toward the target in a manner which wonld enable the pilot to simmlate
& firing pass. The procedure required both aireraft to maintain 380 knots true
airspeed, He stated that the mrpose of this i{ype interceptor was to seek out
an enemy aircraft by use of radar and destroy it in a weather situation which
rrecluded pesitioning by visual reference. The witness explained that no fea-
ture of the radar ever flew the aircraft or took control from the pilot, it
being desipmed to provide informmation to the pilot to enatle him to maneuver
inte firing position. He explained the "locken" phese was not a reference to
contral of the aircraft but meant that the ra was being directed to one spe-
cific target to the exclusion of all others.&/ He added that during this rhase,
target information was presented directly to the pilot on a smell radar scope in
his cockpit.

The pilot testified that Mr, Owen had given the signel for each pilet to
becin his 90-degree turn. This, he recalled, was, "Start making your minety,
now, Jim." He said that he immediately began his turn and would assume, accord-
ing to regular practlce, that Mr., Owen did too. The pilot added that it was
standard mractice for the attacking pilot to transmit, "Steady on," indicating
waen the turn was complete. He said that this transmission was not received and
subsequent calls to Owen were not answered. The witness said that he could not
see the other F-89 at any time during this period and did not know the collisioen
had occurred until notified by ground radio, which had intercepted the message
from N g210H, This occurred approximately one mirute after the witness had fin
ighed his 90-degree turn. Then, aware of a collision, he could only suspect
that 52-187CA was inwilved,

Tle radar operator who survived the collision stated that when it occurred
he wag shecking a navigational featuvre of the radar equiment. The nature of
the check required the radar search feafure te be off. He said that he was not
looking ocut but was looking at the equipment with his head lowered into a shield,
"muff,® which excluded most of the ocutside light. He testified that he did not‘?

3/ An electronic device coupled to the pilot radar scope of F-£9, 52-LEF70R,
for the purpose of recording lockons, showed that 52~L270A had completed three.
It showed no incompleted passes.
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recall hearing the command to make the turns and to his best recollection

the F~-£C was on a heading of 135 degrees, its true airspeed was 380 knmots,

and its altitude was 25,000 feet when the impact occurred. The radar operator
said the turn could have been started without his knowWledge while he was con-
centrating on receiving the interrogator beacon signal in checking the naviga-
tional device. Also, because he was leoking inte the hood, without outside
reference, a turmn might not have been noticed. He estimated that he was occu-
ied with the check about 45 seconds. He described the impact as being extremely
severe but did not know whether it was a collision or an exptosion. He said his
cockpit was quickly enveloped in flames and his sole thought was to eject. This
he accomplished guickly and with no recollection of the specific details. The
witness stated there was no fault with the aircrafi operation prior to the
accident.

A part of the accident investigation was dsvoted to determining as sccu-
rately as possible the geographic location owver wiich the collision occurred.
While eyewitness! statements were being cbtained, it vas learmed that a novie
crew, on location, had acclidently photographed the explosion cloud while shoot-
ing 2 western movie scere., To facilitate retakes, and for other purpeses, a
feature of the camera used permitted patting exposed film in the camera and
aligning 1t precisely with features on the film. Tims it was ixessitle to ingert
a frame of film bearing the explosion clend in the camera, place the camers in
its original position, and align the topographic details on the film with the
same detzils on the lens image. After determining the elevation of the terrain
(750 feet )}, the height of the camera, and other details, sightings were made
using a surveyorls transit. Assuming the collislon occcurred at approximately
25,000 feet, it was calculated the accident cccurred 5,000 feet northeast of the
Hansen Dam Spillway located between Pacoima and Sumland, California. Because
the distance between the camera and the accident was over 30 miles the film,
even when blown up to its meximm, did not show elther aireraft or any detail
of the ceollision.

During this phase of the investigation it was also learned that a surveyor,
at work, had seen the collision. The witness stated that the next day he re-
positioned his transit and made bearings on the position of the explosion ciond
position as he recalled it, Again assuming the collision was at 25,000 feet,
results showed the accident took place over a position about 12,500 feet north-~
east of the Hansen Dam Spillway.

From the resudts of both of these inwvestigatory actions, together with
considerable eyewitness testimony, it wes determined that the accident ceccurred
over an area northeast of the Hansen Dam Spillway, which is sparsely populated.

Following the midair ccllision, the DIC-7 continmed on a westerly heading
for approximately four miles where it crashed on the grounds of the Pacoima
Junior High School and an adjoining chrch.

Wreckage distribution snd the manner in which variocus comueonents struck
the ground made it clearly evident that the DC-7 sustained structural failure
of its basic airframe during descent, A considerable number of major pieces
from the tail surfaces and aft fuselage were recovered along a two-mile path
ending just east of the prinecipal wreckage area. For the most part tleces of
the aft fuselage were closer to the principal area, showing this portion of the
aircrafi fafied after the tail section. Portions of fuselage Torward of tha
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wing and just aft of the wing were located on the church property, indicating
disintegration in this area prior to the initisl ground impact.

The major portion of the DC~7 fell on the school property and on impact
it broke up into mmerous pdeces, many of which were additionally damaged or
destroyed by intense ground fires. Distinet craters were made by each of the
four powerplants and the main wing center fuselage unit. The wide separation
between the craters compared to the normal distance between the components as
installed on the aircraft showed these units had also separated from thelr sup.
porting structure before ground impact. Characteristics of the craters, and
the way debrls was throm out of them, showed clearly the units which made bthem
were moving westerly., :

Following the inflight impaect the F-89 fell southeastward for nearly
2-1/2 miles where it crashed on a narrow ridge in the rugged terrain of the
Verdngo Mountains. Evidence showed the aircraft struck the ground reletively
flat with a high sink velocity but 1little forward motlon. The Impoct and an
accompanying exylosion ceused extensive disintegration of the aireraft. An
intense ground fire also completely or pertially consumed many of the wreck—
Ege TieceS.

Muring the strctural investigation every effort was expended to dsier-
mine, independent of eyewitness information, if there had been an inflight
collision between the aircraft and, if so, the manrer in which it occurred,
After the many scattered wreckage pieces were found, identlfied, and their
locations documented, they were transported to one location. There, the prob~
lems were approached by mockup, reconstruction, laycut, and isclation cf pieces
bearing collision evidence. This work disclosed and isclated areas cf damage
which, by their nature, conclusively prove that a midair collision did occur.
Remlts of this work also provided the materisl for determining the piysical
relationship of the airceraft to each other at the instant of impact.

One of the most significant areas involved irn the inflight contact was
the left wing of the DC-7, between stations 53C and 613. 7This area hsd Lean
severely fragmented by impact forces with the largest single piece found about
1E by 12 inches in size. This piece and many others from the wing area were
severely torn, crushed, and curled. They also bore scratches and smudges asso~
ciated with the collision contact. Some of these pleces were recovered {ram
ground positions below the previcusly deseribed ccllision area considering the
drift effeet froem winds aloft.

Outboard of station 613 to the wing tip, a span of aboub 8-1/2 feet, the
wing panel was recovered in one pdiece. This component was recovered in the
Saplend area and was in a relatively undamaged comdition. At the fractured
ipboard end of this piece the stringers and spar sections were crushed and de-
formed Tearward. Op the bottom surface skin in the fracture area, scratches
runpding aft and inboard were noted., Others were evident adjacent %o the frac-
ture with a few light smmdges and scratches on the upper leading edge skin.
CorTesponding scratches were noted near the inboard end of a portion of ailerad
normally positioned on the wing in this arsa.

The average angle of the fracture, measured ai the inboard end of this
sgvered wing panel, was three degrees fram a perpendiculsr to the centerline
of the center wing spar. The aft end of the separation plane wag farther
i1nboard than ite leading edge.
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At station 530 the leading edge wing skin was deformed rearward, There,
additional scratches and black-gray smdges were noted. Between station 530
and the wing root there was no evidence of collision except minor deformation
and a few grayish smadges at station 397 on the upper leading edge wing sur-
face. Spectograrhic and microchemical tests idemntified these gray smears as
paint, identical with samples taken from the F-89 hordzontal stabilizer.

-With respect to the F-89, it was learned it had fallem to the ground
intact except for components which separated because of the inflight collisiom
damage, This damage wes obviously so extensive that contimued control was im-
possible, Further, characteristics of fire damage showed the alreraft was
afire during its descent to the ground.

Of equal importance to the structural objectives was the F-£9 fuselage
nose section rearward to about station 125. This area had sustained severe
inflight strike damage csusing much of it to sepsrate in flight as btweo large
pieces and many fragments. One large section consisted of the vpper panel
structure zbove the nose section side doors from station 12.688 rearward to
gtation 105. Below this panel struocture an area the length of the pansl and
sbout 15 inches wide was gouged oub. This area measured four degrees to the
longitudinal axis of the aircraft with the aft end higher than the forward end.
A portion of the front nose circular ring was still in place at station 12 on
the large nose piece. The ring was fractured 22-1/2 inches from the top centen-
line on the right side and 10 inches from the top centerline on the left side.
Heasurements were made ower the peripheral distance,

The second large piece from the nose section was from the area below the
nose section side door batween stations 12.688 and 105, or roughly the strac-
ture below the bottom edge of the gouged-out area. Similar to the upper nose
section piece, this component bore inflight impact evidence, had been torm off
in flight, and was recovered away from the main wreckage area of the F-39. The
bottom portion of the fractured circular nose section ring at station 12 was
attached to this large lower panel section. A line joining the edges of the
fractures of this ring on the lower section made an angle of about 29 degrees
with a waterline plane, the right side being lower than the left.

From the damage described and mockup reconstruction it was clearly evident
that an object, sbout 15 inches deep, had passed through the F-89 nose compart-
ment from fromt to rear at an approximate angle of 29 degrees. The object passed
‘through the fibreglass radome, the nose frame at station 12, and through all
intermediate frames and bulkheads, rearmard to and including station 105.

The F-89 radome was recovered in two large pieces. The separation line
on these two pleces corresponded approximately to the fractures in the circuler
nose section ring. The larger radome plece bore scratches in its black exter
ior paint and it was evident that they were made by a rivot line on the object
which penetrated the entire nose sectiom.

During the structural investigation considerable other inflight impact
and collision sequence svidence wss found. Most, howsver, was cumilative in
the principal areas already described or it was so inconsistent with the clsarly
established pattern that the damage was considered secandary.
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It was dalso possible during the layouts, the reconstruction, and
iscalation work to exmmine the individual pleces of wreckage which were not
involved in the inflight impact but which separated from the DC-7 before the
ground impact. The characteristics of the vardous fractures clearly showed
that the general breakup of the DG~-7 before ground impact was the result of
airloads beyond the design or required strength of the airframe. Such loads
were undoubitedly imposed during unusual attitudes of the airplane in its fall.
This general disintegration, according to wreckage distribution, ocecurred
shortly before ground impact and started with the empennage of the aireraft.

An egually exhaustive effort was expended in examining the engines of
both aircraft and, in the case of the DC-7, its engines and propellers. The
objective was to determine whether or not any inflight fajlure or operating
difficulties of these components contributed in any way to the cause of the
midair collision.

As indicated, the four DC-7 powerplants separated from the alrcraft
before ground impact as a result of excessive airloads. The unita were savers- -
ly damaged by this impact and were prinecipally recovered from the widdly separa-
ted craters in the schoolyard. In each case the propeller assemblies, ncse,
supercharger, and rear accessory cases were broken from their respective powser
sections. All cylinders were broken loose from their power section. Numerous
companents from these assembllies were scattered forward of the craters for
distances as great as 250 feet. There was no evidence on the engines of in-
flight contacts.

‘Following a preliminary examination at the wreckage site, the power-
plants were removed to sultable facilities for disassembly and detailed exmmu~
ination. This showed the various gear trains, bearings, and shafting of the
engines had been nomally lubricated prior to impact and that there was no
evlidence of failure or operational distress. Boroscepic examination of the
cylinders revealed no indication of combustion irregularities. The articulat—
ing assemblies of the engine showed no evidence of operabing distress and the
oil pumps and screens were free of foreign material. While all of the engine
accessories were recovered, ground impact damage precluded them from being
functienally checked.

The DC~7 propellers remained tight on their shafts; however, each assembly,
as indicated, was broken from its engine. The propeller blades exhibited var-
lous degrees of camber and face-side bending. Careful examination of the pro-
peller blades, especially of the Nos. 1 and 2 engines, showed clearly they were
not involved in the infiight collision.

Exsmination of the propdller pitch-changing mechanisms disclosed the atop
Tings properly indexed for a hlade range of 94~1/2 degrees positive, full
feathering, and mimus 14 degrees, reverss. DImpact markings on the spider shims
and shim plates revealed & propeller blade angle at ground impact averaging
38.5 degrees. Because of the inflight disintegration of the aireraft and sepi~
ration of the powerplants; as well as possible throttle manipulation during the
descent, little significance can be sttached to this evidence with respect o
power or airspeed at the instant of cellisiom. :

The turbo-jet engines of the ¥-89 were recovered in the main wreckege of
the aircrafi. Both were heavily damaged by ground impact and fire after impact,
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Some portions of the engines were hurled 4,000-5,000 feet from the crash
site., The inlet and accessory sections of both engines were broken off and
consumed by fire. The first three stages of the left engine compressor and
the first stage of the right engine compressor were broken away. Variable
bending and lack of damage to some blades in the same stages were indications
that the damage was the result of impact with the ground. The combustion
cans, although deformed, showed no indication of overheat. Crossover tubes
were normal. Both turbine assemblies were intact but displaced rearward. The
aft sides of the turbine wheels were freshly scored, indicating rotation when
the wheels were forced rearward.

. From the investigation of the powerplants of the DC~7 and the engines of
the F-89 there was no evidence found to indicate that z malfunction or failure
of any of these units was a factor in the accident.

Because of some misunderstanding during the accident inwvestigation, the
Board believes it is in the mublie interest to explain the status of the DC-7,
the nature of its first flight, and the requirements and restrictions associated
with the operation. These subjects were fully explored during the publie inquiry
through witnesses representing the Douglas Company and the Civil Aercnautics
Administration (CAA).

From inception of an air—carrier-type aircraft fo commercizl preduction
of the model many months, or years, of design, evaluation, and tests are re-
quireds During this period after the model is produced it is an experimental
aircraft and may be flown only under an experimental certificate issued in
accordance with Civil Air Regulations by the CAA., This strictly limits opera-
tion of the aireraft in the interest of safety. During this period the model
mist exhibit, through every manner and type of test, its strength, safety, per-—
formance, and quality, and meet or exceed the standards required by aporopriate
Civil Air Regulations. On completion of this work, if the airworthiness is
proved the model is awarded a type certificate and may be duplicated in exmct
kind and qudlity for commercial sale, N 20 0H was such a duplicate, one of over
300 already manufactured and in use in commercial aviation.

The manmufacture of such aireraft under type certification is closely
supervised by CAA personnel, This is a formm of quality control and accomplished
by inspection and tests performed regularly and frequently throughout mamufac-
ture. VWhen production is complete numercus additional checks are accomplished
by the manufacturer, and in the case of N 82.0H nearly 15 hours ground time
were accumilated on the powerplants during this work.

Before a formal airworthiness certificate is issued for the individuzl
aircraft, Civil Air Regulations require that a functional inflight check be
accomplished, This is principally a flight to gather information from which,
if necessary, final and minor adjustments on the aircraft and its components
can be made. Accordingly, N &1 0H was being flown for this parpose when the
subject accident occurred.

The functional check flight is made under a special flight awthorization
certificate issued by the CAA and it also is restrictive. Among other limita~
tions, the aircraft must be flown in visual flight rule weather conditions 5
without passengers and, except for landing and takeoff, the operation mst be
over sparsely populated areas.
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The F~89 was preduced in a2 similar manner; however, the standards and
specifications of a military plane are governed by the military establishment
and not by Civil Air Regulations.

The IRAN project, in the case of the F-89, was principally a complete
overhaul of the aircraft. This in no manner changed the basic proven airworthi.
ness of the aircraft; however, such projects may modernize some of its com—
ponents, especially those relating to its weapons systems.

Northrop records showed that after the overhaul work was completed with
respect to 52-18704, the aircraft had been flown six times for wvarious checks
of the work performed. The subject flight was to be a final check by the
Northrop Company before turning the aircraft back tc the U.S,A.F. It was foy
the purpose of checking the radar portion of the weapons systems of the aircralt:
and thus was a functional check flight.

In accordance with Air Force regulations pertaining to the Air Force
flying activity at Palmdale, which were mutually agreed upon and part of the
Northrop operating procedures, the F-89 {lights were not to be made over con-
gested areas except during landings and takeoffs. Also, the flaighte were to
be conducted within an area generally bounded by San Diego, northwest to Santa
Barbara, northeast to Bakersfield, and southeast to El Centre. 4s a shandard
Air Force requirement this area was designated and published as a local 1lyliw
area; however, such did not set it apart for the exclusive use of the compusy,
As a matter of fact, the same area is used in the flying operations of the
mmerous aircraft manufacturers located in the Los Angeles vicinity. Wiitneases
stated the joint use of this airspace was common knowledge. They also said it
was heavily used by the aircraft of the manufacturers, the military, and com-
mercial traffic serving the large metropalitan area. Further, the space was
limited by restricted areas bordering the aforementioned local flying airsvace
on the east and west sides. The accident occurred within this locdal flying zrea.

It will be recalled that both flights were operated under local VFR flight
plans. Accordingly, the avoidance of other aircraft was a direct responsibilily
of the pilots of beth aircraft. Civil Air Regulations, Part 60, Section 60.12
(c), clearly place this responsibility on all pilots, regardless of the type
aireraft. Ruoles for avoidance and right—of-way are also spslled out in these
regulations, Section 60,14 (a) through (¢) and Section 60.15. ‘

Because of this pilot responsibility it was considered important to
determine what, if any, effect the operational nature of the flights had on
the ability of the pilots to carry it out. Specifically, it was important to
learn whether or not the operational nature of the flights required an wmsual
amount of pilot cockpit preoccupation. Witnesses, well qualified through act-
ual experience in performance of the flights, were questioned with respect to
this snbject.

A Douglas representative deseribed the production flight check from its
beginning to end, stating that each was very similar and followed a definite
pattern. He stated the purpose was a thorough operationsl check of the air-
craft, its powerplants, and its equipment involwing flight at various power
settings, aircraft configurations, all at wvarious altitudes. The witness tes--
tified that flight check sheets are carried aboard the flights and the items ‘
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are accomplished in the sequence of their arrangement on the sheets. He also
said that as the flight propressed and the items were acconplished the results
were recorded. This duty, he said, was exclusively a responsibility of the
“flight engineer. He also said the manipulation and setting of controls, except
flight. controls, was principally done by the flight engineer, He concluded that
there was no greater pilot cockpit preoccupation in this type of operation than
in any other.

During the investigaticn these flight check sheets were recovered from the
wreckage of N 8210H. It was noted that many of the items had been completed and
in sequence. The end of the completed items indicated that when the collision
occurred the sircraft was being flown at 25,000 feet and at about 330 knots true
airspeed, for the purpose of checking carburetor operation at maximum cruise
power, A study of the writing showed c¢learly it was in the handwriting of Mr. W.
B. Adams, the flight engineer.

Witnesses experienced in the F-89 radar check flight cperation stated it
required precision flying and that accuracy of headings and altitudes was re-
quired within narrow tolerances. Because of this the simmlated intercepts were
usuvally flown vsing autopilot. Witnesses familiar with Mr, Owen's technique
believed he would have been using it contimiously during the radar pattern and
similated intercepts which would include the turn preceding the attack vector.
The radar operator could not tell from his cockpit. The witnesses testified
that using the autopilot rrovided the precision necessary and greatly reduced
the pilot's concentration within the cockpit. Testimony indicated that during
the turn preceding the attack vector the pilot had only to monitor the tum.
During this time there was nothing connected with the radsr equimment to cccupy
his attention. Greatest cockpit concentration on the pilot's part would be later
during the lockon phase of the intercept which fallows completion of the turn tc
the attack vector and after the search phase has been accomplished. Witnesses
concluded that during the positioning turn Mr. Owen would be free to look ocut for
other aircraft. As previously stated, the respensibility to lock out for cther
aircraft was in no manner reduced by the designation of a locel flying area.

Analysis

The several areas of primary collision damage and markings furnished the
foundation for a successful analybtical study of how the inflight collision se-
quence occurred and the relative attitudes of the aircraft at impact.

Initial contact occurred when the leading edge of the left wing of the
DC-7 between stations 530 and 613 made contact with the fibreglass radome of
the F~-89. As the two aircraft passed, the left wing of the DC-7 and nose sec-
tion of the F-82 progressively penetrated one another until the left wing out-
board of station 530 was sheared off and the nose section rearmard to station
125 was destroyed. Impact markings made during this seguence showed clearly
that the aircraft were rolled 36 degrees to the left with respect to sach other.

As the eplit second sequence contimed the left horizontal stabilizer of
the F-£9 brushed across the upper surface of the DO-7 left wing at stationm 397
leaving paint smidges in that area. The relative angle in the roll plane be-
tween the aircraft and location of the stabilizer brush merks showed the F-20

would clear the No. 1 propeller arc of the DC-7, thus accounting for the absence
of propeller cuts and blade damage. The aircraft then passed one another and
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fron all the aveilable evidence there were no other primary contacts between
thert. Damage received by the F-89 clearly showed it would have been rendered
uncontrallable. In the case of the DC-7 it is doubtful that effective control
would have existed, the latter substantiated by the final transmission from
its crew, Mncontrollable."

The relative angle between the aircraft in the pitch plane must be
deduced from the impact markings and the existing angles of attack of the air-
craft when the marks were made., Impact damage was all predominately rearward
and slightly inboard on the DC-7 with little or no upward or downward indica-
tions. On the F-89 the damage was rearward with a four-degree vpward angle,
With respect to airspeeds, a principal consideration in determining engles of
attack, ample evidence indicates that the true airspeed of the F-89 was 380
kmots a.nd though less conclusive, it is quite probable that the true airspeed
of the DC—'? was 330 knots. Considering this evidence, it is very reasonable
to conclude that both aircraft, relatively, were level in bhe rcitch plane.

The impact angle in the yaw plane is perhaps the mosi Important factor
of the collision orientation because it is most indieastive of the cenverging
flight paths before impact. This angle is based on considerations of airspeeds
and the fracture angle of the cut on the left wing of the DC-7, which was meas-
ured as three degrees inboard from front to rear. Accepting the airspeeds
mentioned and the angle of the cut, the resultant angle of convergence was
ahout five degrees from head-on.

As previously indicated, the correlation of physical damsge, collision
marks, and impact angles relate one aircraft to the other but not with respect
to the ground. It is therefore necessary to deduce the orientabion with respach
to the ground through other means. While direction of flight at impact ma
often be indicated by the direction of wreckage scatter, in the subiect aceident
this was not definitive. Thus, orientation of the aireraft with respect to the
ground and the direction of flight of the aircraft at impact are necessarily
based on the observations of eyewitnesses and some circumstantial evidence.

The preponderance of eyewitnesses, some aeronautically qualified and
cocnizant of direction, believed that the DC-7 was heading about dve west and
the F-89 was heading approximately due east when they ccllided. While it is
possible that some error may exist in these collision headings because of the
difficulty of such estimates from ground positions, it is noteworthy that only
substantial errors would have an appreciable effect on the results based on
them. Recalling it was Pilot Owen's intention to turm left from 135 degrees %o
45 degrees using a 30-degree bank, and accepting the collision headings as sub-
stentially correct, it is entirely reasonable to conclude that the F-89 was
banked to its left about 30 degrees with respect to the ground when the impact
occurred, This conclusion would thus place the DC=7 flying straight and lewvel,
or nearly so, when the two aircraft ccllided.

In summary, based on all the available evidence, it is the judgment of
the Board that this collision occurred nearly head-on while the DC-7 was flying
straight and level, or nearly so, on an approximate westerly heading. It is
believed that it occurred while Pilot Owen was executing a level left turn fron:
135 degrees toward an anticipated heading of 45 degrees and that his aircraft
was banked approximately 30 degrees. It is also clearly evident that the acei-
dent took place in clear weather conditions at 25,000 feet over a noncongested
area between one and two miles northeast of the Hansen Dam Spillway.
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The small difference bebtween the standard bank of 30 degrees and the
36~degree impact angle in the roll axis cannot be positively explained. It
is possible, however, that this gix-degree difference is indicative of the
start of an evasive maneuver. From the transmission by Mr. Twitchell, "Poor
jet too," it is known that he saw the F-89, Because the collision seguence
occurred in about 1/100 of a second he could not have recognized the aircraft
as a jet at that time and must have done so before impact. It is possible,
therefore, he saw the jet in time to react and start a left bank which had
progressed six degrees but which was insufficient to avoid the collision.

In order to evaluate the all-important question of whether or not the
crews could have seen and avoided the collision, an anslytical study of the
“opportunities was made. The aforementioned collision factors were applied,
with others, such as closure speed, visual range, and angular position of the
conflicting aircraft on the other’'s windshield. It must be realized that some
of these latter factors are the products of numerocus tangible and intangible
considerations.

The maximum distance that an alrcraft can be seen depends upon its
angular presentation, its cclor contrast with the existing background as
affected by the degree of illumination, and the atmospheric conditions of
visibility including altitude effect. These factors are highly variable and
different in each actual situation, and small amounts less than optimm in the
conditions result in an appreciable reduction of the maximum distance that an
aircraft can be seen. Alsc, it is known that the head-on or near head-on
flight paths are the most unfavorable situations for sighting other aircraft
becanse of the relatively small frontal profile presented during such closure.

Realizing the intangible nature of the maximum sighting distance, the
Board carefully considered each factor, together with published material on
the subject, and selected 3.5 miles as its best estimate in the subject situa-
tion.

Accepting this distance and aprlying it to the flight path portion of
the analytical study, the F-£89 would enter visual range about five degrees to
the right of zero reference on the DC~7 windshield. Movement during closure
would be slowly from right to left until just before impact. At visual range
the DC-7 would be positioned 22 degrees to the left of zero reference on the
F-89 windshield. Considering the banked attitude of the F-g89, this initial
position would be on the canopy glass off the armorglass windshield. Uove-
ment of the DC-7 during closure would be slowly diagonally dowrward from left
to right until just before impact.

Considering the probable flight path of each aircraft to cocllision, the
visual range, and the true airspeeds of the aircraft, computations show the
closure speed between them was about 700 kmots. The calculated time from
visual range to collision was about 15 seconds.

While a conflicting aircraft is within wvisual range it must first be
detected by the pilot, then an avoldance decision must be made and, finally,
the aircraft must respond to and carry out the avoidance maneuver. ZEach of
these factors requires an element of time, the total of which must be suffi-
cient for a successful collision avvidance.
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Detection of another airecraft is probably the greatest time-consuming
factor, being restricted by physiclogical limitations of the human eye. The
eye will best detect an object when it is within the focal field of visiony
some 2-3 degrees wide. With sufficient motion the object may be detected
within the peripheral field, a few degrees outside the focal area. To com-
pensate for these restrictions the pilotu must employ scanning to search the
broad areas of potential collision to dstect other aircraft. Thus a reason-
able opportunity to avoid collision must include a reasonable time for
detection.

Following detection, the pilot must then evaluate the situation and
determine if collision courses exist and, if so, decide on the proper evasiwve
maneuver, The time required for such decision may vary considerably, accord-
ing to the siftuation. For example, it may be hard to determine whether or not
a conflicting aircraft is approaching or moving away. It may also be difficult
to decide which way a turning aircraft is progressing and where its prejected
flight path will take it from its sighted position. This is especially diffi-
cult when the conflicting aircraft and the aireraft from which it is viewed are
being flown at high speed. :

Aircraft response, especially for the large transport type, is iess than
jmmediate. Although with boosted controls the attitude of the aircraft may be
altered rapidly, several seconds are required before the direction of flight is
sufficiently changed to avoid collision.

Considering these collision avoidance elements and all the available
evidence, it appears that only the minimimm time opportunity existed for the
pllots to have carried out the basic elements of collision aveidance. It is
clear that only if the pilots sighted the other's conflicting aircraft early
in the period when it was visible and took immediate evagsive action could the
collision have been avoided. Thms, it is the considered opinion of the Board
that, while visual separation eoculd hawve been effected in the time available,
because of the near head-on closure and the high rate of closure at high alti-
tude the pilots were confronted with umsually great problems of visunal separs-
tion.

The accident, which appears to have occurred under almost the most adverse
conditions insofar as the time opportunity for the pilots to see and avoid is
concerned, raises the question whether the long established "see and be seen"
philosophy applicable to VFR flight is adequate in uncontrolled operations. I
is clear that, under certain conditions of speed and angle of convergence, very
little time opportunity exists for pilots to observe the other aircraft and take
avoidance action. A4s aircraft speeds and traffic density increase, this probles
will be aggravated. While this problem is serious, and growing more so, it is
not sufficient cause to discard the see and be seen mule. Alternatives to thie
fundamental rule in VFR operations either do not exist as yet or are so extrems
that they would penalize the expeditious flow of traffic to the point where air-
craft operations in general would be stifled. TFor instance, the practical con
sequences of immediate implementation of full positive control for such opera-
tions regardiess of weather would be the grounding of a large percentage of .
current aircraft opsrations. Therefore, until technclogical advances are made
which will insure separation of aireraft without reliance on the vigilance of
the pilot, the Board will continue to rely on the see and be seen palicy with
whatever refinements circumstances and the state of the art permit. In this
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connection, the Board calls atiention to certain regulatory amendments

- already adopted and others in preparation which serve to refine the see and

be seen rule in the light of high-speed, high-performance aireraft- operations.
In this group are the pilot vigilance apd restrictions on flight testing rules;
the VFR minimums within control zones for flights with traffie clearance, and
speed control and communication rules in high density alr traffic zones; the
high altitude quadrantal rules; and the rules establishing the continental
control, area. :

In view of the foregoing, the Board must call to the attention of all per-
sons engaged in the operation of high speed aireraft that the closure rates of
such aircraft in normal operations impose obligations for vigilance on the part
of operating crews which are of extreme urgency. We are faced with no immediate
alternative but to seek the redoubling of effort on the part of management and
operating crews to prevent any avoidable diversion or preoccupation which would
tend to compromise the ability of pilots to see and avoid other aircraft. It
has not been possible in this instance to determine specifically what had pre~
vented the crews of either aircraft from taking timely action; however, we con—
clude that the avoidance of collision by visual means was not beyond the physical
capabilities of the pilots involwved provided full attention was given to collision
avoidance. Accordingly, reliance must continue to be placed upon pilots of air-
craft engaged in similar operations to provide for separation under visual flight
rules. To this end, however, the Board will continue to review inflight proced-
ures, cockpit design including instrument and equipment layout, aircraft crew
complements, and the training and indoctrination of flight crews 4o insure that
the possibility of recurrence of such a collision is minimized.

Findings
(n the basis of all available evidence the Board finds that:

1. The aircraft and the crews were properly certificated according to
the status of the aircraft and nature of the operations.

2. Preparations for the flights were complete and routine,

3. The flights were operated in clear weather conditions and in accord-
ance with the provisions of local VFR flight plans.

4. Under VFR weather conditions and VFR flight plans collision avoidance
rested in visual separation, a pilot responsibility.

5+ The DC-7 and F-89 collided in fiight on aprroximately west and east
headings, respectively. They were at 25,000 feet over a noncongested srea
between one and two miles northeast of the Hansen Dam Spillway.

6. At impact the F-89 was ralled about 30 degrees left, both aircraft
wore about level in the pitch plane, and the convergence angle was about five
degrees from head-on.

7. Both aircraft fell out of control and the DC-7 crashed in a populated
area.
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8. From visual range, estimated at 3.5 miles, the closure speed
between the two aircraft was 700 knots and over the probable flight paths
the time to collision fram visual range was about 15 seconds.

9. The nature and purpose of the flights did not prevent all pllots
from maintaining a lookout for other aireraft,

10. There was no evidence found to indicate that any malfunction or
failure of the aircraft or thelr components was a factor in the accident.

Probable Cause

The Board determines that the probable cause of this midair collision
was the high rate of near head-on closure at high altitude which, together
with physioclogical limitations, resulted in a minimm avoidance opportunity
during which the pilots did not see the other's aircraft.

BY THE CIVIL AERONAUTICS BOARD:
/8/ JAMES R, DURFEE

/8/ CHAN GURNEY

/s/ HARIAR D, DENNY
/8/ G. JOSEPH MINETTT
/s/ LOQUIS J, HECTOR
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Investigation and Hearing

The Civil Aeronautice Board was notified of this accldent through its
Santa Monica office & few mimtes after it occurred. Inveetigators were
promptly dispatched to the scens and sn investigation was initiated and con-
ducted in accordance with the rrovisions of Section 702 (a) (2) of the Civil
Aeronsutics Act of 1938, as amended. A public hesaring was ordered by the
Board and hald in the Hollywood Roosevelt Hotel, Hellywood, California, on
March 20-21, 1957,

Companiasg

The Douglas Airoraft Company, Inc., a Delaware corporation, has its
principal offices in Santa Monica, Celiformnia. The company is principally
engaged in the manufacture of sireraft.,

Northrop Aircraft, Inc., a Californis corporation, has ite principal
offices in Beverly Hille, Califomia, The company ia principally engeged
in the manufacture of alreraft.

Flight Personnei

1. Dougles, Pilot Williem G. Carr, age 36, was employed by the compeny
on January L4, 1952. He held a valid airman certificate with an airiina trans.-
port rating and reting for the subjeet aircraft. He also held numsrous other
type ratings as well as ratings on airframes and powerplants. Pilot Carr had
11,757 total flying hoars, of which 598 were in the DC-7 type. His last med-
icel examination was accomplished November 27, 1956, withot waivers.

« Copllot Archie R. Twitchell, age 50, was employed by Douglas since
February 2, 1955, He held a valid airman certificate with alrline transpord
and DC~7 ratings. The pilot had accumilated 7,115 flying hours, of widch
287 were in the DC-7. His last medical examination was accomplished,withmi
waivers, on February 9, 1956.

Flight Engineer Waldoc B. Adexs, age 43, was employed by Douglas, Jamuary 4,
1937. He held a valid aimmen certificate with flight engineer, sirframe, engine,
and commercial pilot ratings. Company records showed he had acoumulated 2,711
flying hours as a flight engineer, of which 278 were in the DC=7 type alrcrait.
He had taken his last physical examination on Fsbruary 22, 1956, and it was
accomplished without waivers.

FLight Radio Operator Roy Nakazawa, age 29, was employed by the company
May 26, 1952, and held the position of a flight line technician (electronics).
Mr, Nakazawa held a sscond-claas rediophone license issued by the Federal
Commniecationa Cammission on December 11, 1953,

2. Northrop. Pilot Roland E. Owen, age 36, was employed by the company
on October 15, 1951, He was the Chief of Producticm Test at the time of the
aceident, He held a valid sirman certificate with ccemercisl and instrument



ratings. He alsc held a formal certificate of authority from the United
States Air Force to fly the F~-89. Pilot Owen had acoumulated 2,754 flying
hours, of which 1,320 were in jet aircraft and 1,249 were in the F-89 type
jet. His last physical examination was accomplished in May 1956, without
waivers, His last high-altitude indoctrination was accomplished May 31, 1955,
(valid for three years).

Radar Operator Curtiss A. Adams, age 27, was employed October 10, 1951,
as an electronic checkout man., His last physicel and high-altitude indootri-
nations were received in May 1956 and September 1956, respectively.

The Aireraft

The DC-7B, N 82L0H, had a total of 1i03 flying time sinoe its mam-
facture. It was equipped with Wright engines, model .972TCLEDA-4, and
Hamilton Standard propellers, model 34E60-363, blade model 6521A~8, The

engines and propellers had accumilated about 14 hours of ground running
time since new.

The F-89 bore mamfacturer's serial rmumber 4447 and U, S. A, F, desig-~
nation 52-16£70A. The aircraft had been flom 261 hours since mamfacture and
6 hours since IRAN. The F-89 engines were Allison, model J-35A-35., The left
and right engines had accumilated 258 hours and 200 hours, respectively, since
new,



